Background: Ventilator-associated pneumonia (VAP) is the most common hospital acquired infection in patients who require mechanical ventilation. Early VAP is associated with community acquired pathogens whereas late VAP involves hospital flora. Based on this premise, a protocol may be formulated for microbiological surveillance and antimicrobial stewardship within a specific intensive care unit (ICU) to ensure appropriate empiric antimicrobial choice. The bacterial flora in VAP may be affected, however, by antimicrobials prescribed during the ICU stay. Aim: The aim of this study was to determine the effect of prior antimicrobial therapy for community acquired infections on aetiology and the susceptibility of bacterial isolates from the first episode of early or late VAP in a trauma intensive care unit. Methods: Endotracheal aspirates (ETAs) were obtained from patients with suspected early and late VAP. All ETAs were processed and interpreted as per the Clinical and Laboratory Standards Institute (CLSI). Patients were divided into two cohorts: those whose injuries had required antimicrobial therapy for community acquired infections and those who were antimicrobial naïve. The effect of prior antimicrobial therapy on bacterial isolates from the first episode of suspected VAP was compared between the two groups. Results: Of 288 patients admitted to the Trauma ICU between January and December 2014, pneumonia was suspected in 91 (31.6%). Of these, 69 (76%) patients were antimicrobial naïve and 22 (24%) had received prior antimicrobial therapy. Early VAP occurred in 31 (45%) patients in the naïve cohort compared to 3 (12.5%) with prior antimicrobial exposure (p = 0.01). Of the early VAP isolates 25 (81%) in the naïve cohort contained community flora, whereas all isolates in those with prior antimicrobial therapy revealed hospital acquired organisms (p = 0.01). In the antimicrobial naïve cohort with late VAP 27 (71%) patients had community acquired organisms, whereas only 3 (16%) isolates in late VAP in those with prior therapy revealed community acquired flora (p < 0.001).
Introduction
Ventilator-associated pneumonia (VAP) as defined by the Centre for Disease Control (CDC) is pneumonia occurring after 48 h of endotracheal intubation and mechanical ventilation. 1 Early VAP occurs on the third and fourth days and late from day five onwards. Although direct attributable mortality is difficult to estimate 2 most studies report an association with prolonged mechanical ventilation, hospital stay and increased cost. 3 The empiric choice of antimicrobial agents is an important determinant of morbidity 4, 5 and is guided by the time of onset of VAP and microbiological surveillance for that ICU. 6 Indiscriminate antimicrobial use has promoted the emergence of multi-drug resistant organisms and stewardship and surveillance supports prescribing appropriate antimicrobials with the narrowest spectrum of activity to cover the most likely pathogens. 7 Early VAP has a strong association with susceptible community acquired organisms whereas more resistant pathogens are isolated almost invariably in late VAP as described by Gastmeier et al. 8 Early-onset nosocomial pneumonias were due primarily to Gram-negative bacteria, such as Haemophilus influenzae, and Gram-positive methicillin sensitive Staphylococcus aureus (MSSA) and Streptococcus pneumonia. Other bacterial causes include Moraxella catarrhalis, Klebsiella pneumoniae, and atypical CAP pathogens such as Chlamydia pneumoniae, Mycoplasma pneumoniae and Legionella pneumophila. 9 For lateonset nosocomial pneumonia, the most commonly encountered causative pathogens reported were antibiotic-resistant Gramnegative bacteria, such as Pseudomonas aeruginosa, Acinetobacter spp., or methicillin-resistant S. aureus (MRSA). The most prevalent pathogens, causing 80% of hospital acquired pneumonia, are S. aureus, P. aeruginosa, Klebsiella spp., E. coli, Acinetobacter spp., and Enterobacter spp. 10 Prior antimicrobial exposure for community acquired infections may affect the sensitivity patterns of bacterial isolates in both early and late health care associated infections. This information is essential as it may influence the choice of empiric antimicrobials. To ascertain the effect of such therapy on the time of onset and sensitivity of bacterial isolates in VAP, we undertook a prospective observational study in a trauma intensive care unit.
Patients and methods
This study was performed from 1 January to 31 December 2014 in the Trauma Intensive Care Unit (TICU) at the Inkosi Albert Luthuli Central Hospital (IALCH). IALCH is a tertiary/quaternary public service institution in Durban, South Africa. The TICU at IALCH is exclusively for critically injured patients requiring mechanical ventilation. The unit provides ventilatory support for adults and children and all patients were included regardless of age. The patient cohort was used in a previously published study by Ramsamy et al. 11 in 2016.
Patients who underwent mechanical ventilation in the TICU from 1 January to 31 December 2014 were identified using prospectively collected data gathered from the TICU computerised database. VAP was defined as pneumonia occurring in a patient after 48 h from the time of intubation with an endotracheal or tracheostomy tube and which was not present before admission. 1 To reduce the incidence of VAP, a 'VAP bundle' is used routinely in the TICU. This includes strict handwashing, head elevation to between 30 -45 degrees unless contraindicated, oral care using chlorhexidine, endotracheal tubes with a subglottic aspiration port, early enteral feeding, stress ulcer prophylaxis if enteral feeding is delayed, deep venous thrombosis (DVT) prophylaxis, minimising sedation, and early trials of spontaneous ventilation with a view to extubation as soon as possible. 12 The diagnostic criteria for VAP as per CDC were the combination of new onset pyrexia > 38.0 degrees Celsius, changes on chest auscultation, new infiltrates on chest radiology, purulent endotracheal aspirate (ETA) and a rise or fall in white cell count coupled with a deterioration in lung function manifested by a reduction in the PaO 2 /FiO 2 ratio and reduced compliance. 1 Patients with no record of ETA's, those who did not fulfil the CDC definitions, and those previously treated for other nosocomial infections were excluded. All specimens were processed at the National Health Laboratory Services (NHLS) situated at IALCH. All data relevant to the specimens collected from all the study patients were obtained from the laboratory computer database. Microbiological processing of ETA's, pathogen identification and antimicrobial susceptibility testing was carried out as per standard operating procedure of the NHLS and Clinical and Laboratory Standards Institute. 13 Quantitative cultures of ETA are not routinely performed. The quality of every ETA sample is assessed using the Barlett scoring system. 14 Microscopy and culture results of each ETA are correlated with the clinical condition of each patient. The purpose of this is to differentiate possible infection and colonisation. Pathogen identification and antimicrobial susceptibility testing was carried out using the Vitek 2® (BioMerieux, Midrand, South Africa) platform. All laboratory results were correlated with the patients' clinical condition. Based on previous microbiological surveillance the empiric antimicrobial policy for the TICU is amoxycillin/ clavulanic acid for early-onset VAP and piperacillin/tazobactam for late-onset VAP. Combination therapy is not employed.
Following abdominal trauma with a breach of the gastrointestinal tract patients are routinely commenced on empiric antimicrobial therapy for secondary peritonitis with community acquired faecal organisms. Our empiric antimicrobial of choice is amoxycillin/clavulanic acid. Patients with contaminated compound fractures or contaminated soft tissue injury are treated in a similar manner, although the choice of antimicrobial will depend on the degree of contamination and likely pathogens.
Our policy for prophylactic antimicrobials is to use a single dose of cefazolin for orthopaedic internal fixation and cefoxitin for abdominal surgery.
Patients were divided into those who had been prescribed antimicrobials for their injury and those who were antimicrobial naïve at the time of the first episode of suspected VAP. Those receiving antimicrobial prophylaxis for 24 h or less were considered antimicrobial naïve. The incidence of early and late VAP, the organisms isolated and their susceptibility were compared between the groups. Chi squared or Fisher's exact test was used to determine significance at a level of p < 0.05. This study was approved by the Bioethics Committee of the University of KwaZulu-Natal (BE 207/09).
Results
During the study period a total of 288 patients were admitted to the TICU, of whom 106 (36.8%) were suspected of developing VAP. There were 84 (79.2%) males and 22 (20.8%) females with a median age of 29 years (IQR 21 -37) and a median Injury Severity Score (ISS) of 31 (IQR 24 -38). Mechanism of injury was predominantly blunt, with 77 (72.6%) having been injured in motor vehicle collisions, 17 (16.1%) in non-vehicular blunt trauma, 8 (7.5%) following gunshot wounds, 3 (2.8%) stab wounds, and 1 (1%) snake bite. Fifteen patients were excluded from analysis. Pneumonia was suspected in 8 patients <48 hours after intubation and mechanical ventilation, respiratory flora were isolated after suspected aspiration in 3 patients, and Candida spp. was the sole isolate in 2 patients. These did not conform to the CDC definitions of VAP. In the remaining 2 patients, prior antimicrobials had been administered for other mechanisms of nosocomial sepsis. This left a cohort of 91 (31.6%) patients. Of these, 69 (75.8%) patients were antimicrobial naïve and 22 (24.2%) had received prior antimicrobial therapy, consisting of amoxycillin/clavulanic acid in 17 (77.3%), cloxacillin in 3 (13.6%) and cefazolin in the remaining 2 (9.1%) patients. Early VAP occurred in 34 (37.4%) and late VAP in 57 (62.6%) patients. The frequency of early and late VAP and whether bacterial isolates were community or hospital acquired pathogens are illustrated in Table 1 .
In the antibiotic naïve cohort, there were similar numbers of early and late onset VAP. There were more cases of late onset VAP in the patients who received prior antimicrobials. Thirty-one (44.9%) patients developed early VAP compared to 3 (13.6%) in those with prior therapy (p = 0.01; OR = 5.16; 95% CI 1.4 -19.1). In the antibiotic naïve group community acquired pathogens In our patient population who were antimicrobial naïve, the pathogens isolated in early VAP were similar to published research. Of interest was the finding that in this patient cohort H. influenzae sensitive to amoxycillin-clavulanic acid and methicillin-susceptible S. aureus remained the most common isolates in suspected late VAP. In addition, almost 90% of Klebsiella pneumoniae isolates in late VAP maintained susceptibility to amoxycillin-clavulanic acid. Given the fact that almost 80% of patients who had received prior antimicrobial therapy had been treated with amoxycillin-clavulanic acid, the virtual absence of early VAP and community flora in both early and late VAP is not surprising. A. baumannii, E. cloacae and P. aeruginosa accounted for almost 80% of isolates in this cohort. These organisms are uncommon in early VAP and would normally not have been susceptible to the recommended empiric therapy with amoxicillin-clavulanic acid for community acquired pneumonia. The distribution of pathogens in early and late VAP in the antibiotic naïve and prior antibiotic groups is illustrated in Figures 1 and 2 , respectively.
Discussion
Pneumonia is the most common hospital acquired infection in patients who require mechanical ventilation occurring at a rate of 1% -3% per day. 15 Although a direct association with mortality has been difficult to prove, VAP increases the duration of mechanical ventilation, length of ICU stay and hospital costs. 4 Should VAP occur, the timely administration of appropriate empirical antimicrobial therapy has been shown to have a major impact on such morbidity. 16 Early-onset VAP is most often due to community acquired pathogens, whereas the majority of late onset VAP's are caused by antimicrobial-resistant Gram-negative organisms. The incidence of methicillin resistant S. aureus is variable but is uncommon in our patient population, the most likely explanation being a low incidence of prior antimicrobial use in the community. Hence guidelines for empiric therapy for early onset infection recommend monotherapy with narrowspectrum antimicrobials for early-onset infections and agents with a broader spectrum for late-onset infections. [17] [18] [19] The pathogens isolated in our study are similar to those previously reported for VAP in the critically injured. 20 The Gramnegative Enterobacteriaceae were the most common pathogens isolated, especially in late VAP. Amongst the Gram-positive species which were less common, S. aureus was the most commonly isolated pathogen. Extended spectrum beta lactamase producing organisms and MRSA were amongst the minority of the pathogens isolated for which there are a number of explanations. The TICU employs a strict infection control policy in addition to a policy of antimicrobial stewardship and antimicrobial prescribing that is based on microbiological surveillance. Furthermore, patients treated in the TICU are a fairly unique population compared to those admitted to general medical and surgical intensive care units. The TICU is exclusively for critically injured patients who require mechanical ventilation. This is an otherwise well population free from chronic medical conditions, previous hospital visits or the prior use of antimicrobials. Although the isolated flora may be similar in intensive care units the extent and specifics of bacterial resistance to antimicrobials varies considerably, the most common reasons are prior antimicrobial exposure, the overuse of broad spectrum agents and selective pressure. 11 Despite suggestions that the differentiation between early and late VAP is irrelevant and that all patients should be treated with broad spectrum agents, 16 our Funding -No funding has been received.
Transparency declarations -None to declare. data confirm that this distinction remains useful when deciding upon empiric therapy. 11 In our study it was observed that community acquired flora susceptible to amoxycillin/clavulanate accounted for the vast majority of pathogens isolated in early VAP. Suggestions that the distinction between early and late VAP should be abandoned emanate from the developed world where widespread antimicrobial use has led to a high level of bacterial resistance within the community. Extrapolating such data to the developing world is inappropriate and the use of broad spectrum antimicrobials in all patients will simply encourage resistant strains. Our data underscore the need for stewardship and surveillance in individual environments.
Bacterial resistance to even the broadest spectrum antimicrobials has become a global health emergency. 21 Microbiological surveillance and antimicrobial stewardship are imperative if the efficacy of current antimicrobial agents is to be maintained while simultaneously providing adequate therapy. This policy advocates treatment for the most common, but not all, possible pathogens; 22 and, by identifying the most prevalent bacterial flora in a specific health care environment, correct empiric therapy may be achieved over 90% of the time. 20 Surveillance must take into account a number of factors, amongst which is prior antimicrobial exposure which may alter the sensitivities of even community acquired infections. Most studies highlight exposure in other health care facilities as the most common threat. Recent hospitalisation to an acute care facility within the past 90 days with administration of intravenous antibiotics and residents in nursing homes or long-term care institutions are cited as high risk patients for bacterial resistance. 23 Chronic care institutions are especially problematic due to frequent transfers between hospitals and institutions and the excessive use of broad spectrum antimicrobials. 23 Cumulative exposure has also been documented as an independent risk factor for bacterial resistance but there are scant data, however, on the effect of a single course of antimicrobials for community acquired nonpneumonic infection and changes in aetiology and bacterial sensitivity patterns for early and late onset VAP. Our data show that antimicrobials targeting community acquired infections alter the normal flora isolated from the first episode of VAP. The reverse holds true in that organisms isolated in antimicrobial naïve patients are most commonly those from the community, even in later episodes of nosocomial sepsis.
Conclusion
Knowledge of prior antimicrobial exposure in a patient with early or late VAP will assist in determining the correct empiric antimicrobial choice with regard to targeting hospital or community acquired pathogens. In those who have had prior antimicrobial therapy for the pathology which required admission to ICU, early onset VAP will rarely, if ever, be due to normal community acquired pathogens. Antimicrobials prescribed for late onset VAP should, therefore, cover more broadly. Conversely, late onset VAP in the antimicrobial naïve patient will most frequently be due to community acquired flora and narrow spectrum antimicrobials against these pathogens may suffice. A continuous surveillance system monitoring pathogen resistance must be in place within a specific unit.
Authors contributions -YR conceived and designed the study. YR, DJJM, KSSH and KPM did the literature search. YR and DJJM prepared the data. YR and DJJM did the analysis. All authors interpreted data, wrote the manuscript, and approved the final version.
